Key Summary Points {#FPar1}
==================

**Why carry out this study?**Plaque psoriasis is a common, chronic immunologic disorder with an estimated prevalence ranging from approximately 1.0 to 8.5% worldwide and a negative impact on quality of life.Psoriasis is a chronic, lifelong disease, and it is therefore essential to understand the long-term efficacy and safety profile of psoriasis treatments.In this report, we present the 5-year efficacy and safety outcomes from the long-term extension periods of the UNCOVER-1 and UNCOVER-2 studies, phase-3 randomized-controlled trials in patients with moderate-to-severe psoriasis treated with the labeled dose of ixekizumab.**What was learned from this study?**Ixekizumab therapy provided long-lasting efficacy in patients with psoriasis over 5 years of treatment.No unexpected safety signals were reported with long-term exposure to ixekizumab in this study.100% improvement in psoriasis severity (Psoriasis Area and Severity Index 100) was strongly associated with good patient-reported quality of life (Dermatology Life Quality Index 0,1) through 5 years, showing clear skin over long periods is the optimal treatment outcome for patients with psoriasis.

Introduction {#Sec1}
============

Plaque psoriasis is a common, chronic immunologic disorder with an estimated prevalence ranging from approximately 1.0--8.5% worldwide \[[@CR1], [@CR2]\]. Psoriasis is associated with important comorbidities, including psoriatic arthritis, diabetes, cardiovascular disease and depression \[[@CR3], [@CR4]\]. Together with physical discomfort, the various signs and symptoms of psoriasis have a significant impact on social relationships, mental health and work-related activities, leading to poor quality of life (QoL) \[[@CR3]--[@CR6]\].

Biologic therapies targeting immune-related, proinflammatory cytokine pathways have fulfilled long unmet clinical needs in the treatment of moderate-to-severe psoriasis \[[@CR7]\]. First-generation biologics, which target tumor necrosis factor alpha (TNFα) \[[@CR8]\], have produced favorable responses in subjects with psoriasis \[[@CR9]--[@CR11]\]. Though TNFα inhibitors are efficacious in psoriasis \[[@CR12]\], many patients continue to experience suboptimal levels of clearance and adverse effects while taking these agents \[[@CR12]\]. Recently, cytokine inhibitors targeting key inflammatory molecules, like the interleukin (IL)-23/IL-17 pathways, instead of generalized immunosuppression, have shown efficacy in psoriasis patients in randomized studies, including the IL-23 inhibitors ustekinumab (anti-IL-12/IL-23) \[[@CR13]--[@CR15]\], guselkumab \[[@CR16], [@CR17]\], risankizumab \[[@CR18]\] and tildrakizumab \[[@CR19]\] and the IL-17 inhibitors secukinumab \[[@CR20]\], brodalumab \[[@CR21], [@CR22]\] and ixekizumab \[[@CR23]--[@CR25]\].

Because psoriasis is chronic, it requires long-term management. Substantial evidence has accumulated supporting the meaningful benefits of clearer skin and a significant negative effect of residual psoriatic lesions on QoL among patients with moderate-to-severe disease \[[@CR26]--[@CR31]\]. Therefore, it is essential to understand the long-term efficacy and safety profile of psoriasis treatments, especially the ability to provide clear skin over long periods. However, these types of studies are not common, with only secukinumab and ustekinumab providing efficacy and safety data in moderate-to-severe psoriasis up to 5 years \[[@CR13], [@CR14], [@CR32]\].

Ixekizumab is an immunoglobulin G subclass 4 monoclonal antibody that selectively targets and binds IL-17A with high specificity and affinity, blocks the binding of IL-17A to the IL-17A receptor and neutralizes IL-17A activity \[[@CR33]\]. IL-17A is increased in the psoriatic lesions of patients with psoriasis \[[@CR34], [@CR35]\]. Neutralizing IL-17A decreases immune system activity and decreases inflammation, resulting in reversal of psoriasis symptoms \[[@CR36]\]. Ixekizumab is approved for use in patients with moderate-to-severe plaque psoriasis based on efficacy and safety established in phase-3 randomized, clinical trials \[[@CR23]--[@CR25]\] and has a rapid onset of action with reported efficacy sustained over 4 years \[[@CR37], [@CR38]\].

In this report, we present the 5-year efficacy and safety outcomes from the long-term extension periods of the UNCOVER-1 and UNCOVER-2 studies, two phase-3, randomized-controlled trials in patients with moderate-to-severe psoriasis who received the approved dosing regimen of ixekizumab.

Methods {#Sec2}
=======

Study Design {#Sec3}
------------

The UNCOVER-1 (ClinicalTrials.gov registration no. NCT01474512) and UNCOVER-2 (ClinicalTrials.gov registration no. NCT01597245) studies were multicenter, randomized, double-blinded, placebo-controlled, phase-3 clinical trials; UNCOVER-1 was conducted at 109 study sites in 11 countries and UNCOVER-2 was conducted at 127 study sites in 12 countries. Both trials have been described in detail previously \[[@CR23]\]. UNCOVER-2 also used an active comparator (etanercept) \[[@CR23]\]. Briefly, patients were randomized to placebo, 80 mg of ixekizumab every 2 weeks or every 4 weeks, or 50 mg etanercept twice weekly (in UNCOVER-2) for 12 weeks (induction period) \[Electronic Supplemental Material (ESM) Fig. S1\]. Patients assigned to an ixekizumab regimen received a 160-mg starting dose. At week 12, static Physician's Global Assessment (sPGA) (0,1) responders (sPGA score of 0 or 1) randomized to an ixekizumab arm at Week 0 were then randomized to ixekizumab every 4 weeks, ixekizumab every 12 weeks or placebo from week 12 to week 60 (maintenance dosing period). Non-responders receiving ixekizumab every 4 weeks remained on that regimen, and non-responders receiving ixekizumab every 2 weeks, placebo or etanercept (UNCOVER-2) switched to the ixekizumab every-4-week regimen. At week 60, patients could enter the long-term extension period. The long-term extension period was blinded until all patients reached week 60 or discontinued, after which the study became open label. For all patients treated for at least 12 weeks with 80 mg ixekizumab every 4 weeks and who completed 60 weeks of treatment, a dose increase to 80 mg ixekizumab every 2 weeks (off label) was allowed during the long-term extension period if it was deemed appropriate by the patient and the investigator.

Here, we report efficacy and safety results for patients who continued into the long-term extension periods of UNCOVER-1 and UNCOVER-2 through 5 years (week 60--week 264) after completing the induction and randomized maintenance periods (Fig. [1](#Fig1){ref-type="fig"}). This report focuses on data from patients who received the approved regimen (an initial dose of 160 mg, 80 mg ixekizumab every 2 weeks up through week 12 and 80 mg ixekizumab every 4 weeks thereafter). Data including both every-4-week dosing and patients who escalated to every-2-week dosing during the long-term extension period are included in electronic supplemental materials (ESM Table S1 and Fig. S2).Fig. 1UNCOVER-1 and UNCOVER-2 Study Design: Approved dosing regimen patient population. *IXE Q2W* ixekizumab every 2 weeks; *IXE Q4W* ixekizumab every 4 weeks. ^a^Week 0: patients randomized to 80 mg IXE Q2W, 80 mg IXE Q4W or placebo. ^b^Week 12: Static Physician's Global Assessment (sPGA) (0,1) responders randomized to 80 mg IXE Q4W, 80 mg IXE Q12W (every 12 weeks) or placebo. ^c^From Weeks 60 to 264, patients and investigators could elect to escalate to 80 mg IXE Q2W dosing through end of study to achieve or maintain efficacy

Patients included in the studies were male or female, aged ≥ 18 years, had a confirmed diagnosis of chronic plaque psoriasis for at least 6 months, were candidates for phototherapy and/or systemic therapy, and had ≥ 10% body surface area (BSA) involvement, an sPGA score of ≥ 3, and a Psoriasis Area and Severity Index (PASI) score of ≥ 12 at screening and at baseline. Patients were excluded from the studies if they had pustular, erythrodermic and/or guttate forms of psoriasis; a history of drug-induced psoriasis; a clinically significant flare of psoriasis during the 12 weeks before baseline; or used systemic nonbiologic psoriasis therapy, topical psoriasis treatment or biologic agents within the washout periods. Patients were excluded from UNCOVER-2 if they had used etanercept prior to the study.

Study Objectives {#Sec4}
----------------

The objective of this integrated analysis was to evaluate the long-term efficacy, health outcomes and safety of treatment with ixekizumab with the approved dosing regimen through 5 years. Efficacy assessments included PASI 75/90/100, sPGA (0,1) and sPGA (0), absolute PASI ≤ 5/ ≤ 3/ ≤ 2/ ≤ 1 and Dermatology Life Quality Index (DLQI) (0,1) responses. Safety assessments included adverse events (AEs), AEs of special interest, serious AEs and discontinuations due to AEs.

Compliance with Ethics Guidelines {#Sec5}
---------------------------------

The ethics review boards at each study site provided written approval of the study protocol and an informed consent form. The Central Ethics Committee for the UNCOVER-1 and UNCOVER-2 studies in the country of the coordinating investigators (US) was the Schulman Associates IRB in Ohio, USA. A list of the ethics committees for countries and study sites for UNCOVER-1 and UNCOVER-2 is presented in ESM Table S3. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study.

Statistical Methods {#Sec6}
-------------------

Efficacy and safety outcomes were evaluated for patients who received the approved dosing regimen (an initial dose of 160 mg, 80 mg ixekizumab every 2 weeks up through Week 12 and 80 mg ixekizumab every 4 weeks thereafter) and entered in the long-term extension period (i.e., approved dosing regimen population). Data including both every-4-week dosing and patients who escalated to every-2-week dosing during the long-term extension period are included in the ESM (Fig. S2 and Table S1 of the ESM). The PASI combines assessments of the extent of body surface involvement in four anatomical regions and the severity of desquamation (scaling), erythema (redness) and plaque induration/infiltration (thickness) in each region, yielding an overall score of 0 for no psoriasis to 72 for the most severe disease, as previously described \[[@CR39]\]. PASI 75, PASI 90 and PASI 100 responses are defined as having improvement from baseline in PASI scores of ≥ 75%, ≥ 90% and 100%, respectively. The sPGA is the physician's assessment of the patient's psoriasis lesions overall at a given point in time. An sPGA (0,1) response is defined as a post-baseline sPGA score of 0 (clear) or 1 (minimal). An sPGA (0) response is defined as a post-baseline sPGA score of 0 (i.e., clear). A DLQI (0,1) response is defined as a post-baseline DLQI score of 0 or 1 (no effect on patient's life) \[[@CR40]\].

Patients who received the approved dosing regimen (an initial dose of 160 mg, 80 mg ixekizumab every 2 weeks up through Week 12 and 80 mg ixekizumab every 4 weeks thereafter) were analyzed. Efficacy analyses were performed excluding data from patients who escalated to dosing every 2 weeks in the primary analysis presented here. Efficacy analyses performed including the data from patients who escalated to dosing every 2 weeks are included in the ESM (Fig. S2 and Table S1 of the ESM). Modified nonresponder imputation results are presented for the efficacy and patient reported outcome response assessments, as was done previously \[[@CR41], [@CR42]\], as modified nonresponder imputation analysis is a relatively conservative method. Study outcomes were also evaluated according to the observed case and using multiple imputation (presented in ESM Fig. S3), as was done previously \[[@CR41], [@CR42]\]. The observed case method did not require imputation for missing values, as only data from patients who remained in the study were analyzed. The multiple imputation method was used to estimate what observed values would have been if the patient had continued, based on a hypothetical strategy, as previously described \[[@CR43]\]. The modified nonresponder imputation method analyzed patient response status using a composite strategy \[[@CR43]\]: missing data due to study drug-related events (e.g., inadequate response, AEs, lack of efficacy) were considered as non-responders and were imputed using nonresponder imputation. Alternatively, missing data due to reasons unrelated to the study drug were imputed using multiple imputation, as described above.

Safety events in the approved dosing regimen patient population were summarized by exposure-adjusted incidence rate (IR) (i.e., person-time-adjusted incidence rate per 100 patient-years). Safety events in the approved dosing regimen patient population were summarized both for the entire study and the long-term extension period overall. The statistical analyses of efficacy, health outcomes and safety measures were performed using SAS® version 9.2 (SAS Institute, Cary, NC, USA).

Results {#Sec7}
=======

Baseline Characteristics and Patient Disposition {#Sec8}
------------------------------------------------

Demographic and baseline characteristics of patients in the approved dosing regimen patient population are presented in Table [1](#Tab1){ref-type="table"}. High disease severity at baseline is indicated by a mean PASI of 19.3, mean sPGA of 3.5, mean BSA involvement of 27.1% and mean DLQI of 12.1. The PASI, sPGA and BSA data are consistent with the overall population randomized at baseline of the study \[[@CR23]\]. Other baseline characteristics are also mostly consistent between the approved dosing regimen patient population and the overall population, including sex, age and previous treatment.Table 1Demographics and baseline characteristics of patients entering the long-term extension period (approved dosing regimen patient population)CharacteristicsIXE Q2W/IXE Q4W\
80 mg\
(*N* = 206)Sex, *n* (%) Male140 (68.0)Age (years), median (range)43.0 (18--77)Race, *n* (%) Caucasian193 (93.7) Asian8 (3.9) Black or African American3 (1.5) Multiple2 (1.0)Geographic region, *n* (%) North America102 (49.5)  USA59 (28.6) Europe95 (46.1) Asia3 (1.5) Australia6 (2.9)Height (cm), median (range)173.15 (146.0--196.0)Weight (kg), median (range)88.25 (50.0--160.0)BMI (kg/m^2^), median (range)29.25 (17.5--55.3)Tobacco use, *n* (%)69 ( 33.5)Alcohol consumption, *n* (%)122 ( 59.2)Duration of psoriasis symptoms (years), mean (SD)^a^18.6 (12.3)Age of psoriasis onset (years), mean (SD)25.4 (12.5)Baseline efficacy/patient-reported outcome scores PASI, mean (SD)19.3 (6.9) sPGA, mean (SD)3.5 (0.6) DLQI, mean (SD)12.1 (6.9) BSA involvement (%), mean (SD)27.1 (16.2)PsA present, *n* (%)49 (23.8)Previous systemic therapy, *n* (%) Never used65 (31.6) Non-biologic only^b^72 (35.0) Biologic only16 (7.8) Biologic and non-biologic53 (25.7)Previous biologic therapy, *n* (%)69 (33.5)Previous phototherapy, *n* (%)93 ( 45.1)Previous non-biologic systemic therapy, *n* (%) Never used81 (39.3) Used 1 therapy60 (29.1) Used 2 therapies36 (17.5) Used ≥ 3 therapies29 (14.1)Previous non-biologic systemic therapy: inadequate response, intolerance or contraindication, *n* (%) Used \< 3 therapies185 (89.8) Used ≥ 3 therapies21 (10.2)*BMI* body mass index, *BSA* body surface area, *DLQI* Dermatology Life Quality Index, *IXE Q2W* ixekizumab every 2 weeks, *IXE Q4W* ixekizumab every 4 weeks, *N* number of patients in the analysis population, *n* number of patients in the specified category, *PASI* Psoriasis Area and Severity Index, *PsA* psoriatic arthritis, *SD* standard deviation, *sPGA* static Physician Global Assessment, *USA* United States of America^a^Duration of psoriasis symptoms is calculated as: date of informed consent---date of onset of psoriasis symptoms/365.25^b^Previous non-biologic systemic therapy included methotrexate, cyclosporine, retinoids and PUVA (psoralen plus ultraviolet A radiation)

Of the 206 patients who entered the long-term extension period in the two studies, 172 completed the studies (Table [2](#Tab2){ref-type="table"} and ESM Fig. S1). Reasons for discontinuation during the long-term extension period included AE, patient decision, investigator decision, lack of efficacy, lost to follow-up, clinical relapse, parent/caregiver decision and protocol violation (Table [2](#Tab2){ref-type="table"}). A total of 43 patients escalated to dosing every 2 weeks during the long-term extension period (ESM Table S1).Table 2Patient disposition, long-term extension period (approved dosing regimen patient population)Disposition statusIXE Q2W/IXE Q4W^a^\
80 mg\
(*N* = 206)Number of patients (%) Completed172 (83.5) Discontinued34 (16.5)Reasons for discontinuation, *n* (%) Adverse event7 (3.4)  Related to study drug0 Patient decision12 (5.8) Investigator decision5 (2.4) Lack of efficacy3 (1.5) Lost to follow-up4 (1.9) Clinical relapse1 (0.5) Parent/caregiver decision1 (0.5) Protocol violation1 (0.5)*IXE Q2W* ixekizumab every 2 weeks, *IXE Q4W* ixekizumab every 4 weeks, *N* number of patients in the analysis population, *n* number of patients in the specified category^a^Patients were allowed to escalate to IXE Q2W dosing after Week 60 during the long-term extension period. Patients who increased dosing to 80 mg IXE Q2W remained on this dose until they completed or discontinued from the study. These data comprise all patients in the approved dosing regimen patient population, including those who escalated to every-2-week dosing during the long-term extension period

Efficacy Outcomes Over 5 Years of Treatment {#Sec9}
-------------------------------------------

The PASI 75/90/100 responses were 94.7%, 85.0% and 62.1%, respectively, at Week 60, and at Year 5 (Week 264) were 90.3%, 71.3% and 46.3%, respectively (Fig. [2](#Fig2){ref-type="fig"}a). Responses were consistent when the data were analyzed according to the observed case or using multiple imputation (ESM Fig. S3a). Similarly, meaningful responses were seen with sPGA (0,1) and sPGA (0) (Fig. [2](#Fig2){ref-type="fig"}b and ESM Fig. S3b).Fig. 2Responses (modified nonresponder imputation analysis) of patients receiving 80 mg ixekizumab every 4 weeks achieving: **a** Psoriasis Area and Severity Index (PASI) 75/90/100; **b** Static Physician's Global Assessment (sPGA) score of 0 or 1 and sPGA score of 0; **c** absolute PASI ≤ 5/ ≤ 3/ ≤ 2/ ≤ 1 for efficacy outcomes through 5 years of treatment. Data exclude patients who escalated to every-2-week dosing during the long-term extension period. Percentages listed on graphs are the percentage of patients achieving response at the indicated weeks of study. Each consecutive tick mark after Week 60 on the *x* axis represents 12 weeks

Treatment responses over time were also analyzed for absolute PASI disease severity targets. The proportions of patients with absolute PASI ≤ 5/ ≤ 3/ ≤ 2/ ≤ 1 were 94.7%, 91.3%, 87.9% and 76.7%, respectively, at Week 60, and at Year 5 were 88.0%, 84.8%, 73.6% and 66.4%, respectively (Fig. [2](#Fig2){ref-type="fig"}c). Responses were consistent across the observed case and multiple imputation analyses (ESM Fig. S3c).

Similar maintenance of efficacy was seen when BSA responses were analyzed (ESM Fig. S4).

The clinical response was also consistent regardless of whether visits with escalated dosing were included in the analyses (Fig. [2](#Fig2){ref-type="fig"} versus ESM Fig. S2a--c).

Patient-Reported Outcome: Dermatology Life Quality Index over 5 Years of Treatment {#Sec10}
----------------------------------------------------------------------------------

Consistent with improvements in disease severity, the DLQI (0,1) responses were 81.6% at Week 60 and 75.1% at Year 5 (Fig. [3](#Fig3){ref-type="fig"}). Responses were consistent across the observed case and multiple imputation analyses (ESM Fig. S3d) as well as when every-2-week dosing visits were included (ESM Fig. S2d). Patient QoL was also summarized for PASI improvement categories PASI \< 90, PASI 90 to \< 100 and PASI 100. Among patients with PASI 100 at Week 60 (Year 1) and Week 264 (Year 5), approximately 90% had DLQI (0,1) (Fig. [4](#Fig4){ref-type="fig"}).Fig. 3Responses (modified nonresponder imputation analysis) of patients receiving 80 mg ixekizumab every 4 weeks achieving Dermatology Life Quality Index (DLQI) scores of 0 or 1 in the long-term extension period through 5 years of treatment. Data exclude patients who escalated to every-2-week dosing during the long-term extension period. Percentages listed on the graph are the percentages of patients achieving response at the indicated weeks of study. Each consecutive tick mark after Week 60 on the *x* axis represents 12 weeksFig. 4Dermatology Life Quality Index (DLQI) score of 0 or 1 (0,1) response to 80 mg ixekizumab every 4 weeks by Psoriasis Area and Severity Index (PASI) percent improvement group (observed) at Week 60 (Year 1) and Week 264 (Year 5) in the approved dosing regimen patient population. Data exclude patients who escalated to every-2-week dosing during the long-term extension period. Numbers above each bar in the graph are the percentage of DLQI (0,1) responders in the indicated PASI percent improvement group

Safety Profile {#Sec11}
--------------

Safety profiles of the primary study populations in UNCOVER-1 and UNCOVER-2 through 60 weeks of treatment with ixekizumab have been previously published \[[@CR23], [@CR24]\]. A yearly overview of AEs from Year 1 to Year 5, as well as AEs during the long-term extension period in the approved dosing regimen patient population, is presented in Table [3](#Tab3){ref-type="table"}. Treatment-emergent adverse events (TEAEs) occurred in 190 patients \[IR (per 100 patient years): 31.4\] during the long-term extension period. Most events reported were mild or moderate in severity, and the most frequently reported TEAEs were nasopharyngitis and upper respiratory tract infection. Forty-one patients (IR: 6.8) reported SAEs during the long-term extension period (ESM Table S2). The most frequently reported SAEs were infections (14 patients; IR: 2.3) (ESM Table S2). The IR for SAEs was lower during Year 1 (2.4), but remained consistent for Year 2 through Year 5 (7.2--9.7), and no deaths were reported. Seven patients (IR: 1.2) discontinued from the study drug because of an AE over the entire long-term extension period.Table 3Overview of adverse events (approved dosing regimen patient population)ParameterIXE Q2W/IXE Q4W^a^\
80 mgYear 1\
205.1 Total PY^b^Year 2\
195.4 Total PY^b^Year 3\
165.6 Total PY^b^Year 4\
136.4 Total PY^b^Year 5\
119.5 Total PY^b^LTE Period\
604.3 Total PY^b^*n* (IR)*n* (IR)*n* (IR)*n* (IR)*n* (IR)*n* (IR)Any TEAE(s)183 (89.2)139 (71.1)133 (80.3)116 (85.1)103 (86.2)190 (31.4)SAEs5 (2.4)19 (9.7)12 (7.2)12 (8.8)11 (9.2)41 (6.8)Deaths000000Discontinued due to AEs01 (0.5)3 (1.8)3 (2.2)07 (1.2)Most frequent TEAEs Nasopharyngitis43 (21.0)26 (13.3)25 (15.1)21 (15.4)21 (17.6)61 (10.1) Upper respiratory tract infection31 (15.1)19 (9.7)14 (8.5)13 (9.5)6 (5.0)37 (6.1)TEAE severity Mild80 (39.0)62 (31.7)55 (33.2)47 (34.5)38 (31.8)48 (7.9) Moderate90 (43.9)63 (32.2)64 (38.6)59 (43.3)49 (41.0)102 (16.9) Severe13 (6.3)14 (7.2)14 (8.5)10 (7.3)16 (13.4)40 (6.6)AESIs Infection139 (67.8)87 (44.5)78 (47.1)67 (49.1)64 (53.5)150 (24.8) Allergic reactions/hypersensitivities  Non-anaphylaxis24 (11.7)11 (5.6)8 (4.8)9 (6.6)4 (3.3)28 (4.6)  Anaphylaxis000000 Hepatic12 (5.9)4 (2.0)5 (3.0)4 (2.9)4 (3.3)14 (2.3) Cytopenias5 (2.4)4 (2.0)4 (2.4)3 (2.2)4 (3.3)11 (1.8) Injection-site reactions47 (22.9)12 (6.1)3 (1.8)3 (2.2)1 (0.8)12 (2.0) Cerebro-cardiovascular events01 (0.5)3 (1.8)2 (1.5)06 (1.0) Depression02 (1.0)4 (2.4)3 (2.2)1 (0.8)9 (1.5) Malignancies1 (0.5)1 (0.5)02 (1.5)03 (0.5) Crohn\'s disease01 (0.5)0000 Pneumocystis pneumonia000000 Interstitial lung disease000000 Ulcerative colitis000000*AE* adverse event, *AESI* adverse event of special interest, *IR* incidence rate per 100 patient years, *IXE Q2W* ixekizumab every 2 weeks, *IXE Q4W* ixekizumab every 4 weeks, *n* number of patients in the specified category, *PY* patient years, *SAE* serious adverse event, *TEAE* treatment-emergent adverse event^a^Patients were allowed to escalate to Q2W dosing after Week 60 during the long-term extension period. Patients who increased dosing to 80 mg IXE Q2W remained on this dose until they completed or discontinued from the study. These data comprise all patients in the approved dosing regimen patient population, including those who escalated to every-2-week dosing during the long-term extension period. Adverse events related to discontinuation were arthralgia, ischemic stroke, laryngeal squamous cell carcinoma, maternal exposure during pregnancy, prostate cancer, necrotizing fasciitis and venous thrombosis of the limb^b^Total patient years = total time patients were in the treatment period

With respect to AEs of special interest reported during the long-term extension period, infection was the most frequently reported (150 patients, IR: 24.8). Twenty-three patients in the approved dosing regimen patient population reported Candida events across the entire study (candidiasis \[1\], esophageal \[2\], vaginal/genital \[8\], oral \[10\], oropharyngeal \[1\], pharyngeal \[1\], skin-related \[4\], thrush \[1\]), most of which were considered mild or moderate, with the exception of one severe case of oral Candida. Most reported Candida events were considered nonserious; one met criteria for serious designation (esophageal). Most patients reporting Candida events completed the long-term extension period; two patients discontinued study treatment, one because of investigator decision and the other because of lack of efficacy. Fifteen patients reported herpes in this population during the study (eight herpes zoster, seven herpes simplex), all of which were considered mild or moderate in severity with the exception of one severe case of herpes zoster. This case of herpes zoster also met the criteria for the serious designation (ESM Table 2). Most patients reporting herpes events completed the long-term extension period; three patients discontinued study treatment, one because of an adverse event of venous thrombosis of the limb, one because of lack of efficacy and one because of subject decision. No cases of disseminated or ophthalmic herpes zoster were reported. Four patients reported mild, non-serious events of latent tuberculosis and *Mycobacterium tuberculosis* complex test-positive results prior to study treatment and received treatment with isoniazid (for latent tuberculosis or as prophylaxis) to be eligible for the study. All four patients completed the long-term extension period. One patient reported *Mycobacterium tuberculosis* complex test-positive results (non-serious, of moderate severity) during the long-term extension period. This patient had no history of tuberculosis, was treated with isoniazid and completed the long-term extension period. No cases of reactivated tuberculosis were reported. Overall, 22 patients (IR: 3.6) experienced at least one opportunistic infection event during the long-term extension period. The IR of hypersensitivities was 11.7 during Year 1 and decreased to 3.3 during Year 5. No confirmed cases of anaphylaxis were reported during the long-term extension period. The overall IR of injection-site reactions was low (12 patients, IR: 2.0) over the entire long-term extension period; the IR was 22.9 at Year 1 and decreased to 6.1 in Year 2, 1.8 in Year 3, 2.2 in Year 4 and 0.8 in Year 5. Cerebro-cardiovascular events and depression were reported by six patients (IR: 1.0) and nine patients (IR: 1.5), respectively. Three malignancies were reported in the population (IR: 0.5) (Bowen's disease, laryngeal squamous cell carcinoma, prostate cancer). One suspected inflammatory bowel disease event (Crohn's disease) was reported as anal fistula during Year 2 (maintenance dosing period) (IR: 0.5) and was adjudicated as not consistent with inflammatory bowel disease because of lack of evidence.

Discussion {#Sec12}
==========

Long-lasting improvement in disease is an important treatment goal for both clinicians and patients \[[@CR44], [@CR45]\], and long-term data from clinical trials provide valuable information to clinicians on benefit-risk profiles. In previously reported findings, ixekizumab was well tolerated and provided a persistent and long-term clinical response through 4 years of treatment in patients with moderate-to-severe plaque psoriasis \[[@CR37]\]. The present report confirms and extends these findings.

In patients who received the approved dosing regimen of ixekizumab through 5 years, high PASI 75, PASI 90 and PASI 100 responses were observed and remained high through the end of the long-term extension period, with 46.3% of patients having clear skin (i.e., PASI 100) at Year 5 (Fig. [2](#Fig2){ref-type="fig"}a). Similar results were seen with other response metrics \[i.e., sPGA (0) or (0,1) (Fig. [2](#Fig2){ref-type="fig"}b); absolute PASI ≤ 5/ ≤ 3/ ≤ 2/ ≤ 1 (Fig. [2](#Fig2){ref-type="fig"}c)\], and improvements in disease severity resulted in improvements in patient-reported QoL (DLQI) (Fig. [3](#Fig3){ref-type="fig"}).

To further explore the impact of long-term improvements in skin disease on QoL, we examined the DLQI (0,1) responses among patients achieving PASI \< 90, PASI 90 to \< 100 and PASI 100. Patients who had PASI 100 during Years 1 and 5, 90.6% and 92.0%, respectively, also had a DLQI (0,1) response, indicating no impact on QoL throughout the long-term extension period in those patients (Fig. [4](#Fig4){ref-type="fig"}). In a previously published analysis of Week 12 data, a similar association was described, with 82.3% of patients reporting a DLQI (0,1) among PASI 100 responders \[[@CR46]\]. While further studies are needed, our long-term data (Fig. [4](#Fig4){ref-type="fig"}) suggest maintaining clear skin (PASI 100) over long periods may have an even greater impact on QoL than patients achieving PASI 100 at 12 weeks with ixekizumab \[[@CR46]\].

The safety profile in this population (206 patients with 604.3 patient years of exposure) was consistent with previously published integrated safety analyses including up to approximately 17,000 patient-years across 13 clinical trials in adult patients with psoriasis \[[@CR23], [@CR47]\]. The SAE IR during year 1 was lower than in subsequent years, which may have been a reflection of the small sample size of this data set. Notably, no deaths and no confirmed cases of anaphylaxis, reactivated tuberculosis or positively adjudicated cases of inflammatory bowel disease were reported. Furthermore, injection site reaction IR and hypersensitivity IR generally decreased with continued exposure, with IRs of 22.9 per 100 patient years and 11.7 per 100 patient years, respectively, during Year 1, and IRs of 0.8 and 3.3 per 100 patient years, respectively, during Year 5. Few opportunistic infections were reported (IR: 3.6) using Medical Dictionary for Regulatory Activities terms. Incidence rates of cerebro-cardiovascular events, depression and malignancy were similar to those observed in integrated analyses across 13 clinical trials \[[@CR47]\].

The data presented here provide additional evidence that inhibition of IL-17A with ixekizumab is beneficial for the long-term management of moderate-to-severe psoriasis. The 5-year data in patients treated with secukinumab, another IL-17A inhibitor, also show high levels of response maintained with a consistent safety profile \[[@CR32]\]. Currently, to our knowledge, there are no head-to-head clinical trials between ixekizumab and secukinumab; however, head-to-head analyses of real-world data sources have shown better drug survival over a long time period for ixekizumab \[[@CR48], [@CR49]\]. Continued study of real-world data sets is needed to further elucidate the comparative effectiveness of these medicines in more clinically relevant populations that are not restricted to the enrollment criteria of clinical trials \[[@CR50], [@CR51]\]. It is not known why there are such differences in effectiveness between these two molecules that target the same cytokine; however, the higher binding affinity of ixekizumab for IL-17A \[[@CR49], [@CR52]\] and a more consistent dosing regimen over time may contribute to these differences. Further research is needed to bring clarity to this issue.

A notable strength of this study is the use of different methodologies for imputing missing data (i.e., modified nonresponder imputation, observed case and multiple imputation analyses). In long-term studies, missing data often result from discontinuation, and there are a number of reasons patients discontinue a trial, including lack of efficacy, safety issues or nonclinical circumstances \[[@CR53]\]. In this study, few patients discontinued because of AEs or lack of efficacy (Tables [2](#Tab2){ref-type="table"} and [3](#Tab3){ref-type="table"}). To more accurately estimate efficacy over long periods in clinical trials, missing data are imputed using standard methodologies. Observed case analysis reflects efficacy in patients who remain in the study and are treatment compliant but may overestimate efficacy by not accounting for missing data. Analysis by multiple imputation employs modeling to estimate outcomes in patients with missing data but can also overestimate efficacy when there are high numbers of discontinuations \[[@CR54]\]. Alternatively, modified nonresponder imputation analysis imputes missing data due to study drug-related events (e.g., inadequate response, AE, lack of efficacy) as non-responders, whereas missing data due to other reasons (e.g., missed visits, lost to follow-up) are included as a predicted value based on statistical modeling of observed data. The modified nonresponder imputation estimation is also considered more conservative and stringent \[[@CR41]\]. Ultimately, there is no ideal methodology, and by including multiple methodologies in this report, we attempt to provide a transparent view of our long-term efficacy data and address different clinical questions for clinicians. Importantly, the high levels of efficacy observed in our data are consistent across these methods.

A limitation of this study is the small sample size (*N* = 206), which may restrict the universal applicability of the results. However, an additional randomized controlled study of ixekizumab in psoriasis (UNCOVER-3) \[[@CR23], [@CR24]\] has recently been completed, and 5-year data from this study will be made available and should help strengthen conclusions about efficacy and safety.

Conclusion {#Sec13}
==========

In conclusion, the results reported here demonstrate patients with moderate-to-severe psoriasis receiving the on-label dose regimen of ixekizumab maintain long-lasting efficacy with a consistent safety profile resulting in improved QoL through 5 years of treatment.
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